Abstract Esophageal cancer is a highly malignant disease that despite surgery and adjuvant therapies has an extremely poor outcome. Dendritic cell (DC) immunotherapy as a novel promising strategy could be an alternative for treating this malignancy. EVective DC-mediated immune responses can be achieved by raising cytotoxic T lymphocyte (CTL) response against multiple antigens through loading DCs with total tumor RNA. However, the eYcacy of this strategy Wrst needs to be evaluated in a preclinical setting. The aim of the study was to set up an ex vivo autologous human readout assay for assessing the eVects of DC-mediated cytotoxic responses, using total tumor RNA as an antigen load. Biopsy specimens of seven esophageal cancer patients were used to establish primary cultures of normal and cancer cells and to obtain autologous RNA for loading DCs. Mature DCs loaded with either normal or tumor RNA were obtained and subsequently used to raise various lymphocytes populations. Apoptosis levels of the autologous cultures were measured before and after incubating the cultures with the diVerent lymphocytes populations. The mean apoptosis levels in the tumor cell cultures, induced by lymphocytes instructed by DCs loaded with tumor RNA, signiWcantly increased with 15.6% §2.9 SEM (range 3.4-24.5%, t-test, P < 0.05). Incubation of the normal cultures with the lymphocytes populations showed a mean non-signiWcant increase in apoptosis of 0.4% §3.4 SEM (range ¡13.9 to 9.8%, t-test, P = 0.7). Here, we introduce a practical, patient-speciWc autologous readout assay for pre-clinical testing of DC-mediated cytotoxic responses. Additionally, we demonstrated that the use of autologous tumor RNA as a strategy for raising cytotoxic responses against multiple tumor antigens could be eVective for treating esophageal cancer.
Introduction
There are two major types of esophageal cancer: esophageal squamous cell carcinoma and esophageal adenocarcinoma. For decades, the incidence of esophageal squamous cell carcinoma has been unchanged and is approximately 1 per 100,000 cases per year. Of major concern is the steadily increasing incidence of esophageal adenocarcinoma, which has become an important health problem [36, 39] . While esophageal squamous cell carcinoma is associated with poor socio-economic status, smoking habits and alcohol intake [19] , esophageal adenocarcinoma has a strong association with Barrett's esophagus [43] . Barrett's esophagus is a metaplastic premalignant transformation of the esophageal epithelium associated with gastro-esophageal reXux disease (GERD) [11, 15, 47] . Although the two types of esophageal cancer have diVerent pathophysiology, the clinical outcomes of both are poor. Even after surgical resection, the overall 5 years survival rate of these patients is less than 15%, and adjuvant treatments such as chemo-and radiotherapy have only little eVect on patient outcome [7, 17, 40, 42] .
Dendritic cell (DC) therapy, as a promising strategy to treat cancer, has been intensively investigated in the last few years. Dendritic cells (DCs) are specialized antigenpresenting cells involved in innate and adaptive immune responses [4, 24] . Functional DCs can be generated from human peripheral blood monocytes and be further matured into DCs that in turn can be used as vaccines for treating malignancies [2, 6, 46, 48] . To generate a cytotoxic T-cell (CTL) response against tumor cells, speciWc tumor antigens have to be presented to T-lymphocytes by immunoactivatory DCs. Therefore, the immunogenicity of the tumor associated antigens that are used for loading the DCs is crucial. DiVerent antigens have been used and tested for their immunopotency. These include synthetic peptides [16, 35, 45] , tumor lysates [27] and cDNA or RNA encoding for speciWc tumor-associated antigens as well as total tumor mRNA [20, 29, 33, 49, 51] . The introduction of autologous total tumor RNA as an antigen source for loading DCs has several advantages. Such a strategy will not restrict DC vaccination therapy to patients with certain HLA haplotypes. Moreover, it is most suitable to treat cancers with heterogeneous phenotypes, such as esophageal cancers and other solid malignancies that have variable expression of diverse tumor antigens. It is reasonable to assume that normal RNA that will be co-transferred with the total tumor RNA into the DCs may not result in immune responses, since there is tolerance towards selfproteins through depletion of self-speciWc T cells. Nevertheless, when using total RNA, it is of importance to evaluate whether this strategy would induce a break in the tolerance against self-antigens. A valid pre-clinical method, which would enable us to test the eYcacy of immunoactivatory DCs loaded with total tumor RNA to induce T-cell reactivity in an autologous system, could be of use to monitor direct adverse eVects as well as to predict potential clinical responses.
The aim of our study was to create an eVective autologous ex vivo readout system to evaluate cytotoxic responses induced by DCs based on total tumor RNA as an antigen load. To this aim, primary cultures were established from biopsies of normal and tumor tissues taken during endoscopy from esophageal cancer patients. DCs were generated from peripheral blood monocytes of the patients and loaded with either autologous normal or total tumor RNA, and subsequently studied for their immuno-stimulatory capacity. Hereupon, the DCs were used to stimulate the patient's lymphocytes to obtain several lymphocytes populations that were subsequently tested for their cytolytic responses against the autologous primary cell cultures.
In this study we introduce a patient-tailored approach using an ex vivo cell culture readout system for evaluating autologous DC-induced cytotoxic responses. We were able to generate fully mature DCs loaded with total tumor RNA that in the autologous ex vivo cultures were able to elicit cytotoxic responses speciWcally against the autologous cancer cells, while no signiWcant direct adverse eVects were seen against the normal cells.
Materials and methods

Patient's material
The study was approved by the Academic Medical Center (Amsterdam, The Netherlands) Hospital's medical ethical committee. After informed consent and written permission, 12 patients who met the inclusion criteria (see supplementary data) were included. Before the endoscopic procedure, 64 ml of blood was drawn and collected in heparinized vials for extraction of peripheral blood mononuclear cells (PBMCs). Patients underwent endoscopic procedures for classifying, staging and grading of the esophageal cancer. During this procedure, 12 extra biopsies of each patient were taken to be used for culturing purposes and for RNA isolation; biopsies were obtained from both normal squamous epithelium taken at least 3 cm above the mass and from the malignancy. Matching biopsies from the same spots were taken for histopathological diagnosis.
Primary cell cultures of esophageal normal squamous epithelium and esophageal cancer epithelium For establishing the autologous ex vivo test model, biopsies from normal esophageal epithelium and from esophageal cancer were used to establish primary cell cultures. Histological examination of the matching biopsies of the tumors showed that on estimate the biopsy specimens contained at least 50% (range 50-80%) of tumor cells. The culture medium MCDB 153 (Sigma) was modiWed by adding 5% fetal bovine serum, 0.4 ( g/ml hydrocortisone, (Sigma), 20 ng/ml epidermal growth factor (GIBCO, Grand Island, NY), 10 ¡10 mol/l cholera toxin (Sigma), 140 g/mL bovine pituitary extract (Sigma), 20 g/ml adenine (Sigma), 100 U/ml penicillin (GIBCO), 100 g/ml streptomycin (GIBCO), 0.25 g/ml amphotericin B (GIBCO), 5 g/ml insulin-transferrin (GIBCO) and 4 mmol/l glutamine. The explant method was used as described before [38] . BrieXy, biopsies from normal and tumor esophageal mucosa were collected aseptically into MCDB153 modiWed medium during routine endoscopy of patient with esophageal cancer. Specimens were processed within half an hour of procurement as follows: biopsy specimens were minced into fragments of 1-2 mm 3 in size. The pieces of tissue were placed in a 24-well plate and anchored by a sterile glass microscope slide before adding the growth medium. MCDB 153 modiWed medium, 1 ml/well, was added and the cultures were placed at 37°C and with 5% CO 2 . Fresh medium was replaced every 3 days for 3 weeks until the measurement of autologous cytotoxic responses.
RNA isolation
Biopsies from normal and cancer tissues were collected in Trizol reagent (Life Technologies Inc., Invitrogen, Breda, The Netherlands) and processed according to the manufacturer's instructions. BrieXy, tissues were lyzed by adding 200 ( l Trizol. After phenol/chloroform extraction, RNA was precipitated with isopropanol, washed with 70% ethanol and air dried. The RNA was then dissolved in RNase-free H 2 O and stored at ¡80°C until required. Using the Nanodrop ® apparatus (type ND-1000, Wilmington, USA), 1 l of total RNA was used to quantitate the RNA by spectrophotometry.
Isolation of lymphocytes and monocytes from peripheral blood of the patient Lymphocytes and monocytes from patients were isolated from 64 ml of peripheral blood collected in heparinized vials, using the Ficoll-Percoll gradient separation method [12] . A Wrst separation of peripheral blood mononuclear cells (PBMCs) was done using Ficoll-Hypaque solution (Amersham, Pharmacia, Piscataway, NJ, USA). A further separation of monocytes from lymphocytes was done using a Percoll (Amersham Biosciences Europe Freiburg, Germany) density gradient separation, as described previously [8] . BrieXy, PBMCs were washed in Roswell Park Memorial Institute (RPMI) 1640 medium (BioWhittaker-Cambrex Bioscience, Walkersville, MD, USA) at 1,500 rpm for 5 min twice. In the meantime, 19.8 ml of Percoll was mixed with 2.2 ml of 10£ phosphate buVered saline (PBS) to obtain a standard isotonic percoll solution (SIP), and then with Iscove's ModiWed Dulbecco's Medium (IMDM) (BioWhittaker), to obtain three solutions at diVerent concentrations (60, 47.5 and 34% SIP). PBMCs were then re-suspended in 2.5 ml of 60% SIP, then 5 ml of 47.5% SIP and 2 ml of 34% SIP were added and a centrifugation at 3,100 rpm for 45 min was performed. After centrifugation, the upper layer (monocytes) was collected as well as the lower layer (lymphocytes). Once separated, monocytes and lymphocytes were washed twice in IMDM, and either used immediately or cryo-preserved in a dimethylsulfoxide (DMSO)/fetal calf serum (FCS) (2:8) solution (Merck, Darmstadt, Germany; GIBCO BRL, Grand Island, NY, USA, respectively).
Electroporation of monocytes with normal and tumor autologous total RNA Monocytes characterized as CD14+, CD83¡, CD86¡, CD209¡ were used for electroporation with autologous total normal or tumor RNA following the procedure recently described by Milano et al. [54] . To monitor for the electroporation eYcacy, in vitro transcribed (IVT) GFP-RNA was used. The procedure was as follows: monocytes freshly isolated from blood were washed twice in IMDM and electroporated using the Amaxa cell line Nucleofector Kit V (Amaxa GmbH, Cologne, Germany): 0.5 up to 1 £ 10 6 cells were mixed with Cell Line Nucleofector solution V, and 5 g/ml of RNA was added to the cuvette to be electroporated using the Nucleofector program U16 of the Amaxa Nucleofector device. After electroporation, 1 million/ml monocytes were cultured in 24-well plate using IMDM with 10% FCS and 2% penicillin/streptomycin (GIBCO) and the cells were placed at 37°C and with 5% CO 2 for 1 h. Then the cells were washed twice with IMDM and 1000 U/ml of IL-4 and 800 U/ml of GM-CSF were added to initiate the maturation process. After 6 days at the stage of immature DCs, the cytokines IL-1 , TNF-and LPS (10, 25, 0.02 ng/ml respectively) were added to further enhance the maturation process. The cells were analyzed for the expression of maturation markers at day 6 and 8 by FACS.
Detection of markers and MHC class I and II in monocytes and DCs
Monocytes were harvested by pipetting, washed and re-suspended in FACS buVer (5 g BSA, 0.1 g NaN3, 100 mM EDTA in 1 l PBS) at a concentration of 1 million cells/ml, then incubated with various Xuorochrome-conjugated antibodies on ice for 30 min in the dark, then washed again and analyzed using the FACSCALIBUR apparatus (BectonDickinson, Franklin Lakes, NJ, USA) and BD CellQuest Pro software. PE or FITC-conjugated antibodies, speciWc for CD14, CD83, CD86, CD209, CCR7, HLA-A,B,C and HLA-DR (BD, San Jose, CA, USA) were used as appropriate, at a concentration of 1:25. Sample stained for FITC-and PE-conjugated IgG2a/IgG 1 isotype controls (BD Biosciences) were included in the staining procedure. For all cases, markers and MHC class I and II expression were measured during maturation from monocytes to immature and mature DCs. Measurements were performed of both electroporated and not electroporated (control) cells.
Stimulation of autologous lymphocytes with electroporated DCs
After 8 days from the isolation of monocytes, the resulting mature DCs were twice co-incubated for 7 days with autologous lymphocytes at a proportion of 1:4 (5 £ 10 5 DCs and 2 £ 10 6 lymphocytes) in a 24-well plate in IMDM medium with 5% FCS and 2% penicillin-streptomycin (GIBCO). Before and after the Wrst and second stimulation (day 1, day 7 and day 14 of the co-culture), aliquots of lymphocytes were taken to measure changes in the CD4/8 ratio by Xow cytometry and the supernatants were collected to measure the production of inXammatory cytokines. Finally, per patient, two populations of lymphocytes were obtained: lymphocytes stimulated by DCs electroporated with tumor RNA and a second population of lymphocytes stimulated by DCs electroporated with normal RNA.
Measuring of the cytotoxic responses on the ex vivo cell cultures
After stimulation with the normal and tumor RNA electroporated DCs, the two diVerent populations of lymphocytes mentioned above were washed in IMDM and added to the autologous cultured normal and tumor epithelial cells at a target/eVector ratio of 2 £ 10 4 /4 £ 10 5 cells for 5 h. For each patient, autologous tumor and normal epithelial cell cultures were incubated with lymphocytes either stimulated by DCs loaded with autologous normal RNA or with autologous tumor RNA (see supplementary picture). The epithelial normal and tumor cells were washed with cold PBS and detached by adding 0.5 ml trypsin (GIBCO, Auckland, NZ) for 5 min at 37°C; cells were then collected in 1 ml MCDB 153 modiWed medium, spun down and re-suspended in Annexin V buVer (2.38 g HEPES, 8.8 g NaCl, 0.38 g KCl, 0.2 g CaCl 2 , 0.20 g MgCl 2 ) at a concentration of 1 million cells/ml. Apoptosis of the normal and cancer cells was measured by using the following antibodies: anti-human Annexin-V APC conjugated (ICQ, Groningen, The Netherlands); Via-probe 7AAD (necrosis marker; R&D System); anti-human EpCam FITC conjugated (epithelial speciWc marker; Miltenyi Biotech, Auburn, CA); anti-human CD3 PE conjugated (T-cells marker; R&D System). Data were acquired using BD Cell Quest Pro Software. Apoptotic epithelial cells were gated as double positive for AnnexinV and EpCam, and negative for CD3 and 7AAD.
Cytometric bead array (CBA) multiplex assays During stimulation of lymphocytes with normal and tumor RNA electroporated DCs, the supernatants were collected from the samples of the patients at day 7 (after the Wrst stimulation) and at day 14 (after the second stimulation) and analyzed for cytokine contents using cytometric bead array (CBA). Experiments were performed using the CBA inXammation kit (BD) following the manufacturer's instructions, and the standard procedure was followed as previously described [10] . The acquired data were analyzed using the BD calibration and analysis software.
Statistical analysis
Statistical analyses were performed using the software Graph Pad Prism ® . Statistical tests were applied to seven independent experiments. DiVerences among the values were determined using both Student's paired t-test and one-way ANOVA. The signiWcance was determined as P < 0.05.
Results
Patients and primary cultures
A total of 12 patients were enrolled in the study. Informed consent was obtained from each participant. Because of diYculties in establishing primary cultures, such as a high rate of apoptosis due to the initial state of immature stage, CD83, CD86, CD209 and CCR7 expression was seen on average in 50-60%, while CD14 expression decreased to 20%. After further 2 days of maturation, CD83, CD86, CD209 and CCR7 expression increased to at least 90%, while CD14 decreased on average to less than 20% of the gated cells (Fig. 1A) . Expression of these markers was comparable between electroporated and not electroporated (control) cells, indicating that the process of electroporation did not inXuence the maturation process.
Electroporation eYcacy as measured by GFP expression
The electroporation eYcacy as monitored by electroporation of IVT GFP-RNA showed GFP expression in 50-60% of the gated cells in all cases (Fig. 1B) . This expression was found 24 h after electroporation and was maintained during the maturation process of the DCs until day 8.
MHC class I and II expression
MHC class I was seen on average in 90% of the gated cells in the monocyte stage. At day 6 (immature DC state), 90%
of cells maintained expression, and at day 8 (mature DC state), MHC class I increased to 95% (Fig. 2) . MHC class II was seen on average in 90% in the monocyte stage. At day 6 (immature DC state), the expression level was retained, and at day 8 (mature DC state), MHC class II expression increased to 96% of the gated cells (Fig. 2) . No signiWcant diVerences were detected between the expression levels of electroporated and not electroporated (control) cells.
CD4/8 ratios in lymphocytes
Before stimulation, the CD4/8 ratio was 2.5 § 0.1 SD (Fig. 3) . After one week of stimulation by DCs electroporated with normal RNA, lymphocytes showed a ratio shift to 2.2 § 0.9 SD and to 2.1 § 1.1 after the second week of stimulation. Thus, there was no signiWcant diVerence in the CD4/8 ratio in the lymphocytes stimulated before and after stimulation by DCs loaded with normal RNA (two tailed paired t-test, P = 0.8). In contrast, after one and two weeks of stimulating the lymphocytes by DCs electroporated with tumor RNA, the ratio shifted to 2.1 § 1.2 SD, and to 0.7 § 0.3 SD, respectively, which was a signiWcantly diVerent shift (two tailed paired t-test, **P = 0.006). 
IFN-production by stimulated lymphocytes
Before stimulation, IFN-production of the lymphocytes was virtually negative. After stimulation with not electroporated DCs or DCs electroporated with normal RNA, the IFN-level increased to 2,041 § 650 SEM and 2425 § 294 SEM pg/ml, respectively. After stimulation of the lymphocytes by DCs electroporated with tumor RNA, the IFNproduction signiWcantly increased to 5,742 § 592 SEM pg/ ml (ANOVA, Bonferroni multiple comparison post test, ***P < 0.001; Fig. 4 ).
Cytotoxicity responses as measured by apoptosis in the epithelial cell cultures
Apoptosis levels after 5 h of incubation with the cytotoxic populations, as calculated with respect to the basal apoptosis levels of the cultures (Fig. 5a,d ), were as follows: After incubation of the autologous normal epithelial cell cultures with lymphocytes stimulated by DCs electroporated with normal RNA and tumor RNA, the mean increase in apoptosis levels were 0.4% § 3.4 SEM (range ¡13.9 to 9.8%, two tailed paired t-test, P = 0.7) and ¡1.3% §3.2 SEM (range ¡14 to13%, two tailed paired t-test 0.2 respectively , Figs. 5b, c, 6a) . The apoptosis levels in the tumor cell cultures co-incubated with lymphocytes stimulated by DCs electroporated with normal RNA increased with 2.3% §2.1 SEM (range ¡4.7 to 12.7%, two tailed paired t-test, P = 0.2; Figs. 5e, 6 ). The mean level of apoptosis in the tumor cell cultures incubated with lymphocytes instructed by tumor RNA electroporated DCs increased signiWcantly with 15.6% §2.9 SEM (range 3.4-24.5%, two tailed paired t-test, P < 0.05 Figs. 5f, 6b).
Discussion
Clinical trials using antigen-pulsed DCs have been conducted in patients with various types of cancer, including myeloid leukemia, glioblastoma, metastatic melanoma, pancreas, colorectal cancer and many others [1, 9, 18, 26, 28, 34] . To our knowledge, no reports have been yet published regarding DC therapy on esophageal cancer. Genotypically and phenotypically, esophageal cancers are highly heterogeneous [23] , which make it diYcult to choose a single eVective antigenic target for treatment of these types of malignancies. Using total tumor RNA as an antigen load for DCs overcomes the need to identify speciWc tumor antigens, but as well provides the opportunity to evoke more eVective anti-cancer cytotoxic T-cell responses against tumors without knowing the exact nature of the targeted antigens [21] . RNA-based DC SD (a, b) . a After the subsequent stimulation of the lymphocytes by DCs electroporated with normal RNA, the CD4/8 ratio shifted to 2.2 § 0.9 SD; and after the second stimulation to 2.1 § 1.1 SD (two tailed paired t-test, P = 0.8). b Lymphocytes stimulated by DCs electroporated with tumor RNA showed a CD4/8 ratio of 2.1 § 1.2 SD after the Wrst week of stimulation and 0.7 § 0.3 SD after the second stimulation (two tailed paired t-test, **P = 0.006) immunotherapy with the use of total tumor RNA provides the potential to generate a polyclonal immune response to multiple known and unknown tumor antigens without the limitation to speciWc HLA types. However, when using total tumor RNA for loading DCs, there is a major concern for inducing direct adverse eVects through breaking tolerance to self-antigens resulting in autoimmune responses. Therefore, a pre-clinical ex vivo evaluation in an autologous setup to estimate potential adverse eVects of this strategy could be useful to predict inauspicious eVects in a clinical setting.
In our study, we analyzed the feasibility of an autologous readout system to evaluate cytotoxicity responses against esophageal cancer cells. Furthermore, in this study, the concern of breaking tolerance to self-antigens, when immunizing with total tumor RNA, was addressed by monitoring lysis activity against the patient's normal epithelial cells in the ex vivo readout system. In general, we found that DCs electroporated with tumor RNA elicited cytotoxic lymphocytes, which were able to recognize and induce signiWcantly high levels of apoptosis in the autologous cultured cancer cells (P < 0.05, Fig. 6 ), while these lymphocytes did not induce a cytotoxic reaction against the autologous normal epithelial cells (P = 0.2, Fig. 6 ). In addition, in the control experiments with lymphocytes stimulated by DCs loaded with normal RNA, in general no signiWcant increase in apoptosis levels in the autologous normal epithelial cells was detected. This observation corresponds with a previous study, in which DCs electroporated with renal tumor RNA did not show a cytotoxic response against benign renal parenchyma [50] . It needs to be pointed out, however, that the increase in the level of apoptosis in the normal cultures ranged from ¡13.9 to 12%. Thus, in certain cases this could mean that the DCs can mediate adverse eVects on normal tissues. In one particular case, for instance, the DCs loaded with tumor RNA induced a cytotoxic lymphocytes mediated increase in apoptosis level of 12% in the normal cells and, although this was signiWcantly lower when compared to the apoptosis level of 22% as induced in the tumor cells (P < 0.05, Fig. 6 ), it would be doubtful whether these DCs would be suitable as a vaccine for patient therapy.
Despite the strong potency of DCs to present tumor antigens, the eYcacy of therapeutic DC vaccination against cancer is questioned. So far, only a limited rate of objective tumor regressions has been observed in clinical studies [3, 5, 9, 14, 25, 27, 44] . One reason for the discrepancy between the outcomes as seen in the pre-clinical feasibility assays with respect to the true clinical responses could be that most pre-clinical in vitro tumor models that evaluate direct cytotoxicity of DCs have been performed on either cancer cell lines or mice models [22, 30, 31, 41, 52] . Because of an absent or diVerent immune system, tumor cell lines and animal models in general exhibit remarkable anticancer responses, and these models are not suitable for predicting direct adverse immune responses in humans. Indirectly, the potency of DCs is measured through their ability to induce pro-inXammatory cytokines such as IL-12, for their migratory ability, their potency to induce allogenic T-cell responses and tumor antigen-speciWc CD8+ T cells [5, 13, 32, 37] . Therefore, another potential application of the test model is its application for predicting clinical anti-tumor responses. In our seven cases, cytotoxic lymphocytes-induced apoptosis was on average 15% in the autologous tumor cultures, but the range of lysis was as low as 4% and as high as 24%. It is possible that these ex vivo responses would correlate with clinical responses, and as such this setup might be used as a prognostic clinical tool. Unquestionably, this should be Wrst evaluated in patient trials, during which the late adverse responses can be monitored as well and long-term safety of total tumor RNA-based DCs can be studied. Of interest is a similar recent study, which demonstrated that DC-induced preclinical ex vivo CTLs' responses on autologous tumor cell cultures of melanoma patients do correlate with clinical tumor responses [53] .
The main diYculty in our setup is the loss of cultures due to bacterial overgrowth and cell death. Because of these reasons, 5 of 12 cultures were lost. This is not surprising, since esophageal cancers are highly contaminated and may contain necrotic areas. The majority of cultures were lost in the initiation phase of the study. Optimizing the culturing media, targeting biopsies from non-necrotic tumor areas and minimizing the delay between collection of the tissues and setting up of the cultures highly diminished the number of losses.
In this study, loading of the DCs was performed through direct electroporation of the monocytes with total RNA. This method that has been recently described was found to be particularly eYcient with a high yield of fully mature immunopotent DCs [54] . Furthermore, the method used did not interfere with the expression of the most important maturation markers such as CD83, CD86, CD80 and CD209 and the expression of MHC class I, which is of pivotal importance for a proper CD8+ T cell priming, and MHC class II, which is of central importance for inducing CD4+ T helper response (Fig. 2) .
Another important Wnding in the present study is that the immunopotency of the DCs loaded with tumor RNA was signiWcantly higher compared to those loaded with normal RNA. This was demonstrated by a signiWcantly more profound shift of the CD4/8 ratio towards CD8+ T cells (Fig. 3) , and the threefold increase in the level of IFN- (Fig. 4) . The more signiWcant shift towards a CD8+ T cells subpopulation induced by tumor RNA-loaded DCs on autologous lymphocytes, as compared with the shift induced by normal RNA-loaded DCs, indicates that lymphocytes stimulated by tumor RNA-loaded DCs were primed towards a cytotoxic population, whereas lymphocytes stimulated by normal RNA-loaded DCs maintained tolerance for self-antigens and as a consequence the shift towards CD8+ T cells was not signiWcant. This hypothesis is further sustained by the additional shift towards CD8+ T cells after the second stimulation of lymphocytes that was only seen in case DCs were electroporated with tumor RNA. This suggests that lymphocytes that were primed in the Wrst stimulation further expanded after the additional stimulation with tumor antigen presenting DCs.
In summary, here we present a human autologous ex vivo readout system that appears to be an eVective and useful readout for testing the eYcacy of DC-induced cytotoxic responses against esophageal cancer cells, and to monitor the direct adverse eVects on autologous normal tissues of esophageal cancer patients. In addition, the minimal lytic eVects on the normal cell cultures encourages the use of total tumor RNA-based DC vaccines. This important ex vivo validation study sets the stage to proceed with the establishment of this novel model for pre-clinical testing of CTLs and antigen-presenting cells and to further explore the strategy of total tumor RNA-based DC therapy for treatment of esophageal cancer. §3.4 SEM (range ¡13.9 to 9.8%) and ¡1.3% §3.2 SEM (range ¡14 to 13.4%) when incubated with lymphocytes instructed by DCs loaded with normal and tumor RNA, respectively (two tailed t-test, P = 0.7 and 0.2). b On average the apoptosis levels in the tumor cell cultures incubated with lymphocytes instructed by DCs loaded with tumor RNA increased with 15.6% §2.9 SEM (range 3.4-24.5%, ** P = 0.002), while with 2.3% §2.1 SEM (range ¡4.7 to 12.7%), when incubated with normal RNA-electroporated DCs (P = 0.2)
